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approximately 13,600-20,400 deaths, and an overall incidence rate of 1.8/100,000 in the 24 countries with JE risk. [2] The disease was first recognised in India in 1955, when cases of encephalitis from North Arcot district of Tamil Nadu and neighbouring districts of Andhra Pradesh, admitted to Christian Medical College Hospital, Vellore, were serologically diagnosed as JE. [3] JEV was isolated from wild-caught mosquitoes in the same year, followed by isolations from patients from the same area in 1958. JE continues to be endemic in these states. Since 1972, JE has spread to newer areas and epidemics/outbreaks have been reported from West Bengal, Uttar Pradesh, Assam, Manipur, Bihar, Andhra Pradesh, Pondicherry, Karnataka, Goa and recently from Kerala and Maharashtra. [3, 4] The disease in South India affects children below 15 years, while in North India, all age groups are affected. In most of the epidemics, the incidence has been higher in males than in females (male:female = 1.2-1.5:1). [3, 4] Researchers reported that in areas where JE is endemic, nearly all cases are reported in children <10 years of age. Of 50% of children who survive this disease are affected by various physical, cognitive and psychiatric problems. [5] Most often, infection due to JEV remains asymptomatic, as on an average one in 300 patients produce symptoms. In general, symptoms start to appear after an incubation period of 6-14 days. Fever, muscle pain, headaches, abdominal pains with nausea and vomiting, confusion, seizures and paralysis are the common sign and symptoms of JE. [6] [7] [8] Transmission of JEV is predominant in rural agricultural areas, often associated with rice cultivation and flooding irrigation (monsoon season). Therefore, outbreaks are mainly associated with the rainy period which falls in summer and fall season (June-September) in India. [9] There is no evidence of systematic approach of surveillance study of JE cases in the state of Manipur so far, the burden of JE cases across the state has also not been attempted in any published records so far. Thus, the study is carried out in an attempt to establish systematic surveillance of JE cases, especially focusing on suspected outbreak investigation and also for the study of seroprevalence of JE-positive cases across the state, so that the further attempt on burden of JE cases in the state can also be monitored regularly and systematically.
MaterialS and MethOdS

Study type
This observational descriptive study was conducted based on suspected outbreak data of Viral Research Diagnostic Laboratory (VRDL), Microbiology Department, JNIMS corresponding to the years 2016 and 2017.
Period of study
The study was carried out for 24 months from January 2016 to December 2017.
Study location
The study was undertaken in the State of Manipur located at the Northeastern region of India (lies between 23.80°N to 25.68°N latitudes and 93.03°E to 94.78°E longitudes), 22,327 km 2 . Of the total area, about nine-tenths constitute the hills which surround the remaining one-tenth valley. It is one of the border states in the Northeastern part of India, bounded by Nagaland on the North, Assam on the West and Mizoram on the South and along the East it shares a 398 km. long international boundary with Myanmar. Agriculture is the main mode of living of the people. The pre-monsoon season in the state showers in the months of March and April. The monsoon season is from the month of May to September, and the post-monsoon season in the month of October and November. The southwest monsoon chiefly determines the weather and rainfall throughout the state. The state has tropical to temperate climate depending on elevation. Rainfall varies from 1000 mm to 3500 mm, and average rainfall is 1500 mm. Temperature ranges from subzero to 36°C. The size of the cultivated area is only 9.41% of the total geographical area of the state. Out of the total cultivated area, 52% is confined to the valley. Half of the total valley area, which accommodates 67% of the total population, is occupied for agriculture purposes.
Population understudy
All the cases referred to VRDL, Microbiology Department, JNIMS, from all sections of health-care sectors (public and private) across the state during the year 2016 and 2017 for acute encephalitis syndrome (AES) are included in this study. Both cerebrospinal fluid (CSF) and sera samples were accounted for the study which was stored at +4°C in the refrigerator for subsequent testing.
For this descriptive surveillance, the study setting is VRDL, Microbiology Department, JNIMS, Imphal, Manipur, and the study tools are secondary data of VRDL records form online and offline collection.
Sample size
A total of 1770 cases of AES tested for JE, including 251 confirmed JE (laboratory information data).
Technique used in the study
For the detection of IgM antibody against JEV in serum and/or CSF, IgM antibody-capture enzyme-linked immunosorbent assay (IgM ELISA) was performed as a standard confirmatory method by the sentinel laboratories (for JE) as well as ICMR Virus Unit in West Bengal. The IgM ELISA method is 100% sensitive and 100% specific. [10] 
Data collection
Data were obtained from the laboratory records of the VRDL for the period 2016 and 2017. Data were analysed using MS Excel 2007. Types of analysis included proportions and percentage; tests of significance (Chi-square test and t-test) and Pearson correlation coefficient. P < 0.05 was considered statistically significant.
reSultS
Prevalence rate (positivity rate)
Among 1770 clinically diagnosed cases of AES, 1024 were male (57.85%) and rest 746 (42.15%) were female. Samples of 251 were positive for JE; thus, the overall prevalence rate (PR) for JE was 14.18%.
In 2016, among 545 cases of JE, 51 were positive for JE; the PR for 2016 was 9.36%. In 2017, among 1225 JE cases, 200 were positive for JE; the PR for 2017 was 16.33%. PR was found to be significantly higher in 2017 than in 2016 (χ 2 = 15.0516; df = 1; P = 0.000105).
In 2016, PR was 9.51% and 9.13% among males and females, respectively, whereas in 2017, the corresponding figures were 17.62% and 14.61%, respectively. Overall, PR among males (15.04%) was slightly higher than that among females (13.00%), but this difference was not statistically significant (χ 2 = 0.0088; df = 1; P = 0.925352).
Overall age-specific PR for under 15-year age group was found to be higher than the PR in subsequent age groups, but the PR for age group more than or equal to years 60 is almost equivalent to PR of under 15-year age group. Significant association was found between age groups and PR among rest of the age group; with highest PR observed in 15-30-year age group followed by more than or equal to 30-45-year age group, and finally, by the age group 45-60. However, for individual years, there is no significant association between age group and PR. In 2016, a gradual rise of PR was noted across the age groups, where PR in every age group was found to be higher than that of earlier age group (χ 2 = 29.65, df = 4, P = 0.000) [ Table 1 ].
Comparing the 2 years, it is observed that there is a sharp increase in number of cases referred for JE test and also the increased in positivity rate was observed in the subsequent year. Irrespective of age-wise categorisation, it is seen that overall PR as well as total number of JE tested has significantly increased.
Most of the prevalence of JE cases falls under rural distribution and increase of JE cases as well as the prevalence from 2016 to 2017 was observed to be statistically significant (the Z-score = −3.4127 and the P = 0.00064. The proportion of Yes or No responses for Observation 1 is 0.088 and the proportion for Observation 2 is 0.147) [ Table 2 ]. However, the increase in JE cases as well as prevalence in urban distribution from the year 2016 to 2017 was found not statistically significant (the Z-score = −1.8559 and the P = 0.06288; proportion of Yes or No responses for Observation 1 is 0.006 and the proportion for Observation 2 is 0.016). Overall prevalence in both the years in rural was found to be 14.63 whereas that of urban is 10.85 [ Table 2 ].
It was observed that the prevalence of JE in 2016 in rural and urban was observed to be 48 and 3, whereas that of 2017 was observed to be 180 and 20, respectively [ Figure 1 ]. Thus, it is evident that most of the JE prevalence falls under rural distribution in our study [ Figure 1 ].
Churachandpur district has highest PR (24.30) followed by Imphal West (23.90) and Imphal East (21.12), both Senapati and Thoubal follow (9.16), Chandel district has 5.58, whereas Bishnupur has 4.38. Least PR was seen in Ukhrul (1.59) and Tamenglong (0.80) districts [ Table 3 ].
In comparing PR of JE in districts for the year 2016 and 2017, it is observed that there is increased in the prevalence JE cases in all the districts, except Ukhrul from 2016 to 2017 (The t-value = −2.51838 and the P = 0.022814).
In the year 2016, Imphal West had highest prevalence of JE (13) followed by Imphal East (12) and then by Churachandpur, whereas the least prevalence was seen in Tamenglong (0). For the year 2017, highest prevalence was seen in Churachandpur (51) followed by Imphal West (47) and by Imphal East (41). Tamenglong and Ukhrul had least prevalence (2) [ Figure 2 ].
Most of the prevalence of JE is found to be mostly concentrated in three districts, namely Churachandpur, Imphal West and Imphal East in both the years. [ Figure 2 ]. All the districts of the state have certain prevalence though the PR varies, thus it can be said that whole of state irrespective of hilly region or plane region is under JE threats. It may seem to be certain factors such as piggery farm, paddy filed and cut portion of bamboo which contributes to such wide distribution of JE cases. Such factors need to be examined in further research work. Moreover, it is evident that the state has quite a number of bamboo-covered areas, paddy-covered areas and increased farming of pigs both in urban and rural areas.
In both the years, July and August had maximum concentration of JE cases and these months fall under monsoonal season with heavy rainfall. Furthermore, it is seen that early months i.e., from January to May had no cases of JE, while late months i.e., October to December had varied JE cases in both the years, but their concentration of JE cases is quite low [ Table 4 ].
However, in the year 2017, September month had 16 JE-positive cases, thus it is quite as shift from the previous year with 2 JE-positive cases [ Table 4 ].
The seasonal or month-wise distribution in both the years is found to be highly correlated (Pearson correlation coefficient) (the value of R is 0.9427, the value of R 2 , the coefficient of determination is 0.8887).
Time distribution of Japanese encephalitis cases
Line diagram of time distribution of JE cases of Manipur showed one distinct peak in the month of July [ Figure 3 ]. The diagram depicts the sharp increase of JE cases from the June and subsequently decreases cases in the month of September in both the years. Most of the cases were seen during these months i.e., during monsoon season. Thus, most of JE cases fall during the time when the state receives heavy rainfall during the year in 2016 and 2017. Thus, there is a strong possibility of correlation of JE cases with the monsoon season and also with the temperature. There is decline in JE cases during winter season having low temperature [ Figure 3 ].
diScuSSiOn
There has not been any published study on the prevalence of JE cases in the state of Manipur so far. PR in the study for males (15.04%) was higher than that of female (13.00%), but this difference was not statistically significant having similar finding in the study at Calcutta School of Tropical Medicine, [11] Indian Council of Medical Research of Kolkata, [12] ICMR Virus Unit of Kolkata, [13] VIMS Hospital, Bellary [14] and KIPM and R, Chennai. [15] In contrast, a female preponderance was noted in the study at Patan Hospital, Nepal. [16] Although JE cases have been observed from all the age groups in the present study, highest numbers of JE-positive cases recorded among 0-15 years, but no gradual decline towards higher age groups was observed which contradicts with many previous studies. [11] [12] [13] The finding in the study suggests that JE prevalence is not significantly dominant in the lower age group alone, as the positivity rate among different age group has negligible difference within them [Table 1 ]. Thus, it is evident that JE cases effects all possible age groups.
The present study revealed that the PR of JE was highest in rural areas and lowest in urban areas. This finding is consistent with a study in Taiwan [17] and indicates that the extent of natural infection is substantially affected by the degree of urbanisation.
Clustering of most of the JE cases was observed in three districts namely Churachandpur, Imphal West and Imphal East in both the years [ Table 3 and Figure 2 ], but raise in JE cases seems to increase in other districts too in the year 2017. However, two districts, namely Tamenglong and Ukhrul remained to be stable with JE cases. This finding suggests for further spread of surveillance of the JE with deep penetration in remote places and also gains insight into the low prevalence of JE cases in these districts for other reason which may be due to low temperature, geographical locations, etc.
Incidence of JE cases shows a clear seasonal pattern. Most of the cases reported during raise of summer temperature with monsoonal season peaking during July and August and declining by October [ Table 4 and Figure 3 ]. Similar pattern was observed with findings from other studies occurring commonly during the monsoon season. [18] [19] [20] Understanding the seasonality of JE incidence in the state provides important information for implementing general public health education about the risk of JE outbreaks, and the importance of taking precautionary measures during the monsoon season. In addition, given the seasonality of the disease, vaccination against JEV can also be planned and completed prior to the onset of the monsoon season to ensure that vaccinated individuals develop sufficient JEV immunity.
There has been shift in the JE cases from 2016 to 2017 and also the increases in JE PR from 2016 to 2017 [Table 1 ] showed significant increased. This higher rise in prevalence of JE may be due to turning up of people for JE diagnosis with spread of awareness among the people or may be due to changing pattern of environmental conditions. The increase in prevalence may also be due to spread of vector of JE and its changing adaptability to the environment, thus migrating of vectors from one place to another leading to spread of JE cases across different districts of Manipur.
cOncluSiOnS
The present study reveals that the prevalence of JE cases in the State of Manipur is highest among the children with age below 15 years, indicating of higher risk among these age groups. However, we cannot altogether narrate that other age groups are in lesser risk as the PR (positivity rate) of other age groups are also increasing, and the positivity rate is quite near to that of children below 15 years. Overall, a probable shift in age distribution in the recent years has been observed. JE status is changing in different district from 2016 to 2017 although the maximum prevalence of JE cases was seen in three districts for both the year under study.
The study could have missed some fatal cases of JE that did not have a chance to go through the clinical and laboratory diagnostic process and also some with asymptomatic cases which did not turn up for JE tests. As long as, the ecological components required for transmission remain in abundance, the virus will remain in the environment, and the risk of acquiring the disease will continue. Surveillance of JE cases is still warranted to be vigilant about any new genotype introduction in the endemic districts or to find out any spread into newer geographical areas.
